Rationale: The introduction of immune check-point inhibitors (ICIs) in the treatment of solid neoplasms is associated with the need to know and manage a new type of side effects that are commonly defined immune-mediated adverse events. Dermatologic immune-mediated adverse events are relatively common. Vitiligo-like lesions, defined as hypopigmented skin lesions, have already been associated with the use of ICIs in particular in patients with malignant melanoma, probably due to a common autoimmune mechanism against both melanoma cells and normal melanocytes. The onset of vitiligo-like lesions is very rare in non-melanoma patients and nowadays only few cases are described in the literature.
Introduction
Nivolumab is one of the new effective drugs that have recently implemented the treatment options for metastatic renal cell carcinoma (RCC). Nivolumab is a programmed cell death (PD-1) immune checkpoint inhibitor (ICI) antibody and it is now indicated as monotherapy for the treatment of advanced renal cell carcinoma after prior treatment with antiangiogenic therapies. This approval was the result of a Phase III trial that showed a survival benefit in patient treated with nivolumab compared to Everolimus after disease progression to other antiangiogenic agents. [1] Nowadays nivolumab is widely used as it is approved for the treatment of other common metastatic neoplasms as melanoma and non-small-cell lung cancer.
It is actually well known that nivolumab, like all immune checkpoint inhibitors, is associated with dermatologic immunemediated adverse events, such as skin rash, pruritus, vitiligo, and lichenoid skin reactions.
Vitiligo, that is defined as the appearance of hypopigmented skin areas, is an autoimmune skin disorder that originates from the loss of functional melanocytes of epidermis. Vitiligo or more in general vitiligo-like lesions, which include all the clinical manifestations similar to classical vitiligo, have been recognized to occur spontaneously or during anticancer treatments in patient affected by malignant melanoma. It is estimated that the risk of development of vitiligo is 10-fold higher in patients with melanoma, not only under treatment, than in the general population. [2] Editor: N/A. One of the main explanations about the relationship between melanoma and vitiligo-like disorders is the immune activation against melanoma-associated antigens expressed by normal melanocytes as a result of a cross-reaction from melanoma cells that share the same antigens. Antigen release by anticancer therapies could explain a breakdown of immune tolerance to selfantigens expressed in normal cells or in benign lesions like nevi causing vitiligo like disorders. [2] This mechanism could be at the basis of the correlation between the onset of vitiligo-like disorders and outcome of those patients. In fact, the occurrence of depigmentated areas has been also associated with clinical benefit in patients treated with immunotherapy, not only ICIs, for advanced melanoma. [3] Vitiligo-like disorders are absolutely rare in patients with, or treated for non-melanoma malignancies. To the best of our knowledge, no vitiligo-like disorders are reported in patients affected by renal cancer treated with ICIs.
We prospectively followed 25 patients treated with nivolumab inside the multicentric Italian Early Access Program.
[4] These patients were followed with blood samples and clinical evaluations.
Herein, we describe the case of a woman treated with nivolumab that developed vitiligo-like disorders with halo nevi of the back and was referred to our dermatologic unit. This patient underwent a durable stabilization of her tumor, until then rapidly progressive.
Case presentation
A 66-year-old woman affected by metastatic renal cell carcinoma came to our Institution in December 2015 to start a therapy with nivolumab inside the national Early Access Program. She had a long history of treatments for her tumor before, started with a right nephrectomy in 2007 for a Grade 2 clear cell carcinoma (pT3N0).
She also underwent an adjuvant radiotherapy in right kidney area after surgery.
Radiological follow up was negative until June 2009 when a magnetic resonance (MR) scan showed 2 hepatic lesions that were increased at a subsequent computed tomography (CT) scan. In November 2009 the patient underwent to hepatic transarterial chemoembolization of these 2 lesions.
In February 2010 another CT scan showed 4 new hepatic lesions that were surgically removed with wedge resections in May 2010, but in February 2011 she experienced further liver progression and new small lung metastases appeared.
In February 2011 the patient started a first line sunitinib treatment obtaining a durable stability of disease until July 2013 when hepatic progression occurred.
From August 2013 to December 2013 a second-line treatment with sorafenib was administered but no control of hepatic lesions was obtained. In January 2014 a third line therapy with Everolimus was started and continued until October 2015 when RM and CT scans showed hepatic and lung progression.
In December 2015 the patient referred to our institution to be treated with Nivolumab inside the national Early Access Program. She started nivolumab at a standard dose of 3 mg/Kg biweekly that was performed for 45 infusions.
The liver lesions of the patients underwent an initial slight progression with an increase of few millimeters but from the ninth to the eighteenth month we registered a clear stabilization of the lesions. Lung metastases did not change significantly during the first 18 months of nivolumab treatment.
During the treatment period with nivolumab, the patient noticed, after about 9 months from the beginning of nivolumab, the appearance of clear spots of the back. She was referred to the dermatology service of our institution that diagnosed vitiligo-like areas of the back associated with halo nevi (Fig. 1) . Diagnosis was performed on a clinical basis, no biopsy was deemed necessary by the dermatologist. Clinical evaluations and collection of medical history excluded pre-existing autoimmune disorders. No familiarity for vitiligo or autoimmune disorders were found. These features together with the age of onset, not typical for a classical vitiligo, and the causal relationship with nivolumab treatment have made the diagnosis of nivolumab related vitiligo like disorders the most likely and other causes of vitiligo were excluded.
These areas persisted also at the following dermatologic evaluations without particular changes.
In December 2017, radiological evaluations showed a clear liver and lung progression and nivolumab was permanently discontinued. The patient's informed consent has been obtained.
Discussion
We reported the case of a patient with metastatic heavily pretreated renal tumor who achieved a long-term stabilization of disease with nivolumab. During the treatment, vitiligo-like areas and halo nevi of the back were noticed and interestingly the onset of vitiligo-like lesions was contemporary with the stabilization of the metastatic disease.
Vitiligo is an autoimmune disorder that is estimated to affect 0.5% to 1% of the general population. [5] It is often associated with other autoimmune diseases, such as thyroiditis and rheumatoid arthritis.
To date there are numerous data about the correlation between malignant melanoma and the development of vitiligo. It is reported that about 20% of patients affected by melanoma present with vitiligo. [6] A melanoma-specific autoimmune mechanism mediated by Tcells that infiltrate tumor and hypopigmented lesions may be at the base of vitiligo. Antibodies against melanoma-associated antigens such as MART-1 and gp100, which are present also in normal melanocytes, are probably likewise involved in the development of vitiligo in melanoma patients. [7] Cui et al have shown that in patients with melanoma and in patients with vitiligo, antibodies to human melanocyte antigens are present in a much higher percentage than in the control group (more than 80% for melanoma or vitiligo versus 7%). [8] Another mechanism may be based on autoantibodies against Tyrosinase-Related Protein-2 (TRP-2) expressed by normal melanocytes. [9] Immunotherapies for metastatic melanoma (ICIs, interleukin-2 but also other biological agents like tumor necrosis factor-a inhibitors) may induce vitiligo-like lesions probably enhancing the release of antigens potentially recognized by immune response. [10] [11] [12] The spectrum of vitiligo-like lesions includes halo nevi that are usually observed around congenital or acquired melanocytic nevi. The clinical manifestation of halo phenomenon is characterized by progressive lightening of the color, disappearance of central nevus afterwards, and persistence of hypopigmentation. The etiology of halo nevi is unknown. As seen in vitiligo, melanocytes in the epidermis in the halo component of the nevus are completely absent, suggesting a similar etiologic mechanism.
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Numerous studies have attempted to unravel the immunologic mechanisms by which an immune response develops to existing aggregates of nevus cells. The infiltrating cells are predominantly T-lymphocytes, and cytotoxic (CD8) lymphocytes outnumber helper (CD4) lymphocytes by a ratio of approximately 4:1. These, as well as scattered macrophages, comprise most inflammatory cells in halo nevi. The exact role that the lymphocytes play in the regression of halo nevi has not been fully determined, although a theory of direct cytotoxic effects on melanocytes seems plausible. [13] Larsabal et al have recently evaluated clinical and biological features of vitiligo-like lesions associated with immune checkpoint inhibitors, comparing them with those of not ICIs related vitiligo. They reported that serum levels of CXCL10 (C-X-C motif ligand 10), a ligand of CXCR3 (C-X-C motif receptor 3) were significantly higher in patients with vitiligo-like lesions than in patients with vitiligo and in control subjects. Moreover, in patient treated with ICIs that developed vitiligo-like lesions, these are characterized by a higher proportion of skin CD8 T cells producing interferon-g (IFN-g) , or both IFN-g and tumor necrosis factor a (TNFa), compared with T cells isolated from perilesional skin of patients with classical vitiligo or healthy skin.
Clinical features in these 2 groups are also different. Vitiligo like lesions are characterized by multiple flecked white macules localized on photo-exposed areas while classical vitiligo is characterized by white patches generally symmetrical distributed and localized on face, hands, elbows, and trunk. [5] Clinical features of vitiligo-like lesions developed by our patient described in this paper perfectly match those above described, endorsing the hypothesis of more typical pattern of vitiligo when it is associated with treatment with ICIs.
Association between the development of hypopigmented lesions and non-melanoma malignancies and between vitiligolike disorders and immunotherapies for tumor types other than melanoma is extremely rare.
To date the development of vitiligo-like disorders during treatment with ICIs has been described in a patient treated with nivolumab for lung cancer, in a man treated with nivolumab for an acute myeloid leukemia, in a young woman treated with nivolumab for a metastatic soft tissue sarcoma and in a man www.md-journal.com treated with nivolumab plus ipilimumab for an advanced hepatocellular carcinoma. [14] [15] [16] [17] Vitiligo-like lesions occurrence during immunotherapy has been associated with better prognosis in term of higher objective tumor response rates and significantly improved progressionfree and overall survival in patients with melanoma. Signs of tumor response were reported in almost all the cases reported above. [18] The patient described in this paper was treated with nivolumab for RCC for about 2 years obtaining a durable stabilization of her tumor until then rapidly progressing. If we consider that the patient treated with nivolumab for acute myeloid leukemia, was treated in a maintenance setting, we can conclude that all patients treated with ICIs (in particular with nivolumab) for nonmelanoma malignancies that developed vitiligo-like disorders experienced benefit from anticancer therapy as of those reported in the literature.
The current report had some limitations. For example, no biopsies were performed at the onset of vitiligo-like areas because the diagnosis was based on clinical features. Additionally, no data about the long-term persistence of the skin disorder was obtained because the patient continued anticancer therapies (cabozantinib) elsewhere.
There is an urgent need for prognostic and predictive biomarkers in the landscape of the treatment for renal cell carcinoma and the evaluation of immune system activation is one of the most studied fields. For example, many inflammatory indices, easy to obtain from the count of immune-inflammatory circulating cells (neutrophils, lymphocytes, and platelets), have been evaluated for this purpose, but actually, none of them are used in clinical practice. [19] [20] The possibility to correlate also the onset of immune-related adverse events with outcome is challenging.
Although a correlation between the onset of vitiligo-like disorders and outcome may be observed in all the few cases to date described in literature, actually we obviously cannot consider these signs as a reliable indication of tumor response in non-melanoma patients treated with ICIs. Despite this, new reports to correlate the occurrence of vitiligo-like disorders, and more in general immune-mediated cutaneous events with tumor responses may help to increase the predictive power of these signs that are moreover extremely simple to evaluate.
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